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Structure of 

1 ,  - In  studying the processes of elastic hadron collisions one of the important  prob- 
lems now is the investigation of reactions with large momentum transfers. The corre- 
sponding kinematic region is - - t ,  s-+ co at  t/s fixed, or, due to the formula c os0=  
= 1 W- 2t/s, the region of large-angle scattering in the centre-of-mass system. Interest  
in these processes is due to the present experimental possibilities of getting largo 
momentum transfers on new accelerators (1). 0 n  the other hand, there are some theo- 
retical arguments to expect that  the interaction mechanism at large momentum transfers 
differs essentially from that  one which determines the region of small momentum 
transfers. 

The usual opinion is that  the elastic collisions with small t are determined by a 
global structure of hadrons like, for example, the effective radius of interaction of the 
order of 1 fm which is related to the slope parameter of the differential cross-section. 

I t  is natural  to expect that  in elastic collisions with extremely large momentum 
transfers an inner local s t ructme of hadrons, which as is presently assumed has a 
(~ h a r d ,  or (~ pointlike ~ character, becomes more important.  

In  this paper we should like to point  to the possibility of revealing a local or 
pointHke structure of hadrons in pure hadronie ~eactions of elastic scattering at large 
momentum transfers. In  the framework of the quark model by using the principle 
of automodellism (~) i t  is shown that  in the l imit - - t ,  s--> oo at t/s fixed the auto- 
model asymptotic relations for the differential cross-sections of elastic hadron-hadron 
and electron-h~dron reactions of Table I hold. 

In  the general case of two-particle collisions the differential cross-section of large- 
angle elastic sea%ering has the asymptotics 

da 1 
(1) ~ (ab -* ab) ~ s 2(~§ ]ab(t/s) . 

t/s fixed 

(i) J .  V. ALLABY, G. COCCONI, A. N.  DIDDENS, A.  KLOVNING, G. MX'lvrltLhE, E.  $. SACHARIDIS a n 4  
fi-. M. WETttERELL: Phys. Left., 25  B,  156 (1967); 34  B, 431 (1971). 
(~) V . A .  MATVEEV, R .  M. MURADYAlV a n d  A.  N.  TAVKHELIDZE: Lett. Nuovo Cimento, 5, 907 (1972). 
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TABLE I .  

V. A. M&TVE~V, R. ~.'I. MUI~ADYAN ancl A. N. TAVKHELIDZE 

Reac t ion  a + b ~ a + b d~r/dt(a + b ~ a + b) 

pp -+ pp ( l /s  x~ fvp(tls) 

r~p ~ wp (l/s s) ],:~(tls) 

= ~  ~ , : , :  ( � 8 9  

o p  -+  e p  (ll#)/~.(t/s) 
67: ~ e~ (1/s 4)/.=(t/s) 

ee -+ eo ( l / s  ~) he(t /s)  

Here  na and nb are t he  numbers  of cons t i tuent  quarks  of a and b particles,  e.g. for 
p ro ton  n v = 3 and for pion n= = 2. Considering an electron as a s t ructureless  par t ic le  
we should p u t  n.  = 1 in formula  (1) for react ions wi th  electrons.  

A t t e m p t s  to  t he  der iva t ion  of  t he  power  charac te r  of the  asympto t i c  behav iour  of  
differential  eross-see~ions a t  large angles h a v e  been  done in  a n u m b e r  of recen t  works  (~) 
f rom the  var ious  mode l  assumptions .  

2. - W e  proceed now to the  der iva t ion  of formula  (1) which is t he  main  resul t  of this  
work. As was ment ioned  above  in par t ic le  collisions a t  h igh  energies w i th  bounded  
m o m e n t u m  transfers  

q• ~ R  -1, R,-., 1 f m ,  

the  essential  d imensional  pa rame te r  which  de te rmines  t he  behav iour  of observable  
quant i t ies  is t he  effect ive rad ius  of s t rong in terac t ions .  

I n  processes wi th  ex t r eme ly  large m o m e n t u m  transfers  

q• q. ,~ E ,  / g - + c o ,  

t he  radius  of s t rong in terac t ions  is no t  v e r y  i m p o r t a n t  and the  a sympto t i c  behav iour  
is de te rmined  by the  dynamics  of in terac t ions  a t  small  dis tances  and small  t ime  
in tervals ,  i .e .  by  an inner  local s t ruc ture  of  hadrons.  

Consider t he  general  case of elast ic sca t ter ing  of two a rb i t ra ry  part icles  a + b - + a + b .  
L e t  us assume t h a t  in collisions w i t h  ex t r eme ly  large m o m e n t u m  transfers  a par t ic le  

behaves  as a composi te  sys tem wi th  na cons t i tuent  quarks  and wi th  a s ta te  vec tor  of 
t he  fo rm 

�89 
(2) ]a> = ~ a - [ n ~  q u a r k s ) .  

Since t h e  dimension of one par t ic le  s ta te  vec to r  in t he  re la t iv is t ic  normal iza t ion  is 
equal  to  

[ll>]-- ~-1  

(s) D. CLINE, •. ]~AL~EN and M. WALDROP: University of Wisconsin preprint; D. HORN and M. ~OSHE: 
Nuel. Phys., 48B, 557 (1972); W. R. THEIS: DESY 10reprint 72/35 (1972); A. V. EFREMOV: JINR, 
E2-6612 (1972). 
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one can easily determine the dimension of the  s tructure factor 

(3) [ ~ ]  = m~(.o-~). 

The differential cross-section is related to the transit ion matr ix  element ia  the  
usual way:  

da ~ 2 
(4) - ~  (ab ~ ab) = . 

Subst i tut ing relation (2) for the  s ta te  vectors of two colliding particles a and b in 
formula (4) for the differential cross-section, we ge~ 

d(7 
(ab ---> ab) = ( ~ ) 2 ~ a b ( s ,  t) , 

where 

(5) 

Using the dimensions of the factors W~ and ~ b  one finds the dimension of the  quant i ty  

(6) [Ea~ ] : m-4(na+no -1). 

We formulate now the automodellism hypothesis for the  processes of large-angle 
scattering at  high energies. A t  large s a n d  - - t  ]o'r f i xed  ratios t/s all the essential 
d imens ional  constants are contained i n  the factors ~ and  ~4zb. 

According to this  hypothesis  the fanc~ioa F~b(s, t) depends only on the kinematical  
variables s and t and under the  momentum scale transformations 

(7) sl -~ s  

t[ --* Z2t , 

has to transform as a homogeneous funclion of the corresponding physical  dimension. 
One gets ~rom (6) tha t  when the p ~ t i c l e  momenta  undergo the scale transfer- 

maVions (7) the following relation has t ~ h o l d :  

(8) F~(2  ~ s, 2 3 t) ~ ~ -4(ha+n0-1). ~ab(8,  t)  , 

o r  

1 
(9) ~ab(s, t) - -  /a~(t/s) �9 

82(na§ 

From this we obtain formula (1). 

3. - The following circumstances should be mentioned here:  
F i r s t  of all, as is seen from eq. (1), the  asymptot ic  behaviour of the differential cross- 
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sections at  large angles depends essentially on the number  of constituents, i.e. on the 
(( degree of complexity ~) of particles. 

I t  is assumed that  the electron behaves as a really elementary particle with a 
number  of constituents n~ = I, For  what concerns hadrons, in  the framework of the 
quark model there exist, in general, side by side with the basic quark configura- 
tion, the additional quark-antiquark pairs with appropriate probabilities. So when we 
say that  the proton consists of three quarks, this means that  the decomposition of 
the proton state vector in the Fock space begins from the three-quark state 

(10) }p) = f  dkldkzdka(~(kl + kz + k3- -p )C(k l ,  k2, ka)lkl, kz, kay �9 

An account of the contribution of the higher configurations gives the corrections to 
the differential cross-section of the relative order s-~nq~, where n~  is a number of the 
additional quark-antiquark pairs. 

Thus the main contribution ~o the differential cross-section of large-angle elastic 
scattering at  high energies is due to the basic quark configuration. 

In  the Feynman ' s  pat ton-type models, where the number  of constituents varies 
within wide limits and can be bounded from above by the kinematically allowed 
number of secondary particles, i.e. 

1 

our consideration leads natural ly to the lower estimate for the differential cross-section 
of the large-angle elastic scattering: 

> C(O) exp ~/~ Ins , s -> ~ ,  0 fixed. 

This result does not  contradict the Cerelus-Martin (~) and Logunov-Mestvirishvili (5) 
asymptotic bound, which follows from the general principles of quantum field theory. 

Secondly, the analysis discussed here does not contradict the automodellism principle 
for hadron collisions considered in analogy with the (~ plain ~) explosion and which are 
characterized by the bounded values of the transverse momenta (3). 

I t  is quite interesting to extent this consideration to the interactions of relativistic 
nuclei as was done in ref. (6) in considering the (( cumulating ~) effect. 

The processes with large momentum transfers are very rare as compared to the 
background of events with bounded momentum transfers and are determined by an 
interaction region the size of which is much smaller than the effective cross-section 
of the particles: 

1 
10,--, = << B ,--., 1 f m .  

Thus, the processes of elastic collisions with large momentum transfers are deter- 

(4) F. CERlJ~'O'S and A. M.~TI~: Phys. Left., B, 80 (1964:). 
(6) A.A. LOGUNov and 2r A. MESTVIRISHVILI: Phys. Left., 24 B, 583 (1967). 
(s) A. 2r BALI)IN: JINR, P7-5808 (1971), Physical Institute of the Academy of Sciences of the USSR, 
lareprint N1 (1971). 
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mined mainly by  the local s tructure of the hadron, which is considered at  high ener- 
gies as an infinitely thin disc. The transverse size plays no essential role. 

4. - The a p p r o a c h  proposed above can be extended to the  consideration of the 
asymptot ic  behaviour of the electromagnetic form factors in the  l imit  of large momentum 
transfers. 

We assume tha t  at  large momentum transfers the form factors can be represented 
by  the formula 

(13) .F~(t) -~ WaG(t) ,  

where ],(t)  does not  contain any dependence on the fixed dimensional constants. 
The dimension of W~ is given by  (3). I t  is easy to see tha t  the  dimension of In(t) is 

(14) [/,(t)] = m-2(~--I). 

Therefore, according to the principle of automodellism, the  ftmetion ],(t)  transforms 
like a homogeneous ftmction o f  t, i .e .  

1 
(15) Is(t) ~'~ - -  ~na-i 

~mder the scale transformations (7). 
Thus, for the electron (quark), nleson and nucleon the asymptot ic  behaviours of 

the form factors are respectively 

electron: ~e(t) ~ 1 (pointlike),  

meson: ~ ( t )  ~ 1It (pole), 

nucleon: F~,(t) ~-~ l i t  ~ (dipole). 

I t  is easy to see tha t  such a bebaviour  is in complete agreement with the  results 
which can be obtained by  the direct application of the dimensional analysis to elec- 
t ron-hadron and electron-electron scattering (Table I). 

We note, in conclusion, t ha t  the asymptot ics  of the ver tex ftmc~ions have been 
considered in ref. (7.s) from the point  of view of the anomalous dimensions. 

T h e  authors express their  deep grat i tude to X. N. BOGOLU~OV and A. A. LOGVNOV 
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(7) D. V. SmRKOV: J I N R ,  P2-6938 (1973). 
(~) A. Ao MIGDAL: Phys. Lett., 3"/B, 98 (1971). 


